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ABSTRACT 
Food dyes is used both in commercial food production and in domestic cooking. One 

of the colorants is tartrazine (Tz), a synthetic lemon yellow dye. The purpose of this paper 
was to highlight the clastogenic effect of Tz to plants meristematic tissues, using the Allium 
assay. Three different concentrations (0.3, 1 and 1.3%) were used, the exposure time 
being 6 hours. The statistical analysis of the obtained results indicates that with the 
increase Tz concentration, mitotic activity is inhibited, while the chromosomal aberration 
rate in the cells in mitosis as well as the frequency of nuclear abnormalities in the 
interphase cells increases. The main genetic abnormalities identified were laggards, 
stickiness, C-mitosis and micronucleus. These results suggest prudence regarding the 
consumption of processed foods which containing tartrazine. 

 
INTRODUCTION 

Either the synthetic food colours or 
natural food colours, the colour has 
always had an important implication on 
the minds of people as far as food is 
concerned. It is therefore necessary 
either to preserve the natural or maintain 
the characteristic colour of a food product 
while it is manufactured or stored for 
future use (Bonciu, 2017; Bozhanska, 
2018; Righi et al., 2018; Georgieva et al., 
2018). 

According to FDA, a food colorant 
is “any dye, pigment or substance which 
when added or applied to a food, drug or 
cosmetic, or to the human body, is 
capable (alone or through reactions with 
other substances) of imparting colour” 
(FDA, 2016). 

Tartrazine is a synthetic yellow azo 
dye that is used as a food coloring. The E 
number of tartrazine yellow is E102. 
Other name of tartrazine is FD&C Yellow 
5. It is popularly used in drugs, 
particularly in shells of medicinal 
capsules, syrups, cosmetics, fruit 
cordials, coloured fizzy drinks, instant 
puddings, 

 
cake mixes, custard powder, soups, 
sauces, ice creams, ice lollies, sweets, 
chewing gum, marzipan, jam, jelly, 
marmalade, etc. Tartrazine yellow is also 
used in many convenience foods along 
with glycerine and honey products. 

Some people may be intolerant to 
Tartrazine. Although previously banned in 
Norway, Austria and Germany, E102 has 
been deemed safe for use by the 
European Food Safety Authority which 
has recommended a safe level of 
consumption. The UK Food Standards 
Agency called for a voluntary phase-out 
of E102 by 2009. In the EU, food and 
drink products containing E102 must 
carry the label warning ‘may have an 
adverse effect on activity and attention in 
children’ (https://www.safefood). 

We considered this cytogenetic 
study to be appropriate for evaluating the 
cytogenetic effects of tartrazine (Tz) by 
using the Allium assay. A. cepa has 
assayed to be best model plant for 
standard use in environmental 
monitoring and cytological analysis 
(Bonciu, 2012; Bonciu, 2018; Bonciu et 
al., 2018). 
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Fig. 1. Chemical structure of tartrazine 

 
MATERIAL AND METHOD 

The biological material used was 
represented by small sized onion bulbs, 
which were immersed in glasses with 
water for 72 hours, time required for the 
meristematic roots occurrence. When the 
meristematic roots reached the length of 
1.5 cm, they were immersed in dilutions 
of various concentrations of the Tz (0.3, 
1.0 and 1.3%) for 6 hours, at room 
temperature. A number of 10 onion bulbs 
were used for each treatment variant as 
well as an untreated control that was 
immersed in tap water. 

The roots were processed according 
to the protocol of fixation, hydrolysis and 
staining with Schiff reagent (Feulgen 
method). 

The microscopic slides were 
performed according to the squash 
method. Statistical analysis was done 
using MS Excel 2007. The analysis of 
variance (ANOVA) was used to assess 
the significant differences between the 
control variant and each treatment. The 
differences between treatment means 
were compared using the LSD-test at a 
probability level of 0.05% subsequent to 
ANOVA analysis. 

The mitotic index was calculated 
using the following formula: 

MI (%) =    × 

100 
The index of the total abnormalities 

(TA) was also calculated:  

TA (%) =   × 

100 
 

RESULTS AND DISCUSSIONS 
The results are showed in Table 1. 

The cytotoxicity level can be determined 
by the decreased rate of mitotic index. It 
was found that Tz induced a strong 

clastogenic effect in meristematic cells of 
onion. The clastogenic effect was 
enhanced as the concentration of Tz 
increased. Thus, compared to the Control 
variant, the mitotic index recorded a 
decrease from 28.12% (Control) to 
20.22% (V2), 11.28% (V3) and 7.55% 
(V4). 

The decrease in the mitotic index 
was positively correlated with increasing 
concentration of Tz solutions. 

Several studies have been oriented 
to demonstrate the clastogenic effects of 
some food additives and pointed out their 
danger as carcinogens or mutagens. 
Some authors reported that the mitotic 
index of A. cepa root tips was 
successively decreased with the increase 
in different dye concentrations and 
duration of treatments (Vazhangat P. and 
Thoppil J.E., 2016). 

In our investigation, all treatments 
with Tz resulted in a significant increase 
of TA (Figure 2). The main genetic 
abnormalities identified were laggards; 
stickiness; C-mitosis and micronucleus.  
TA index recorded an increase in all 
treated variants, from 1.53% (Control) to 
13.65% (V2), 24.46% (V3) and 30.09% 
(V4).  The increase in the TA index was 
positively correlated with increasing 
concentration of Tz solutions. 
Laggards’ chromosomes and C-mitosis 
were the dominant abnormality induced 
after treatment, especially at higher 

concentrations. In Figure 3 are shown 

some cytogenetic abnormalities identified 
in meristematic roots of A.  cepa exposed 
to different concentrations of Tz. 
Cytogenetic abnormalities occur under 
biotic and abiotic stress conditions 
(Bonea, 2016a; Bonea, 2016b; Bostan et 
al., 2013; Butnariu, 2012; Ianculov et al., 
2005; Samfira et al., 2013). This can 
affect the selection of parents in plant 
breeding program to develop new 
genotypes with desirable characters. 
(Bonea and Urechean, 2015). The 
chromosome morphology of A. cepa is 
very easily changed by chemicals. The 
Allium assay proved to be a suitable 
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model system for measuring the 
cytogenotoxic potential of different 
chemicals. Therefore, chromosome 
damage has become a relevant testing 
method (Butnaru et al., 2004; Sărac, 
2005; Baciu et al., 2009, Bonciu, 
Rosculete et al., 2018; Rosculete et al., 
2019). 

The results obtained indicated that 
Tz induced a strong clastogenic and 
genotoxic effect in meristematic cells to 
A. cepa, by reduction of the mitotic index 
and occurrence a different cytological 
abnormalities. 
 

Table 1 
Cytogenetic effects of Tartrazine to A. cepa 

Variants/ 
Conc. 
(%) 

MI ± SE 
% 

Cells abnormalities 
frequency (%) 

TA 
(%) 

L S CM MN 

V1 
(Control) 

28.12±0.50 0 0.01 1.52 0 1.53 

V2/0.3 20.22±0.35 5.12 3.10 3.25 2.18 13.65 

V3/1.0 11.28±0.40* 8.15 6.01 7.10 3.20 24.46 

V4/1.3 7.55±0.55* 9.36 6.85 10.26 3.62 30.09 

MI = Mitotic index; SE = Standard error; L = 
Laggards; S = Stickiness; CM = C-mitosis; MN = 
Micronucleus; TA = Total abnormalities; 
*Significant at level 5% (p=0.05)  

 

 
Fig. 2. Total abnormalities (TA%) increase in 
meristematic tissues of A.  cepa exposed to 

tartrazine 

 

a b  

c d  
Fig. 3. Cytogenetic abnormalities identified in 
meristematic tissues of A.  cepa exposed to 

tartrazine: laggards in anaphase (a); C-mitosis 
(b); micronucleus (c) and sticky metaphase (d) 

 
CONCLUSIONS 

This study highlights a strong 
cytotoxic and clastogenic effect induced 
by Tz in onion cells manifested by 
inhibited of the mitotic activity, as well as 
by the occurrence of several types of 
chromosome aberrations in mitosis and 
nuclear abnormalities in interphase. 
These results suggest prudence 
regarding the consumption of foods which 
containing tartrazine. 
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